AUSTRALIAN LEPTODACTYLID FROGS OF THE
CYCLORANA AUSTRALIS COMPLEX

by M. J. TyrLer® and A. A, MARTINT

Summary

IvLEr, M. J., & Marmin, A. A. (1975).—Australian leptodactylid frogs. of the Cyelorana
anstralis complex. Trans, R. Sac. 8. Aust. 99(2). 93-99, 31 May, 1975.
Cyeloranu australis as now defined is shown lo comprise two closzly reluted species:
C. australis confined to noriheru Australis and C. novaehollandive to eastern Ausiralia, Npies
are providad on the tadpole of C. australis. and the calls of both species are anulysed. Caull
Uivergence is so limited that hybridization is considered possible 1n sympatry-

Introduoction

In recent years, examination of the biology
and  morphology of several geographically
widespread “species” of Australian frogs has
revealed that each comprizses a complex of
species. For example, Crinia signifera as recog-
nised by Parker (1940) is now known to be
4 <omplex of seven species (Moore 1954
Liltlejohn 1957, Main 1957; Straughan &
Main 1966: Tyler & Parker 1974): Mixophyes
Jasciolaius is now  four species (Straughan
1968) and Limnpdynastes dorsalis is also four
{Martin 1972).

The most neglected leptodactylid genus is
Cyelorana, of which the type species is Alytes
anstralis Gray (1842), described from material
collected in the Northern Territory. This
species, us currently defined, extends from
northern Western Australia to northern New
South Wales: a geographic tange of approxi-
mately 3500 km. The conspecificity of indi-
viduals from the extremes of this extensive
range is abviously suspect, and even the most
corsery comparison of specimens of C. aqus-
rraliz from the Northern Territory and
northern Western Australia with those [rom
Quecnsland reveals striking differences between
then. The northern individuals (end to have
a tather elongated head, a distin:l, dark rostral
stripe and a marrow subocular bar. In con-
trast, most individuals from Queensiand are
particularly robust animals with a hroad head,
and frequently obscure head markings: a
population deseribed as Cyelorana novae-

Rollandiae by Steindachner (1867), and as
Phractops alutaceus by Peters (1867). Both
names were referred to the synonmy of ais-
tralis hy Boulenger (1882),

We have assembled and cxamined large col-
lections of €. oustralis (sensu  lato) from
various sources. Here we report our findings
and propose the recognition of a complex of
{wo species.

Methods

The specimens reported are deposited in the
following institutions: National Museum of
Victoria (NMV): Naturhistoriska Riksmuseet.
Stockholm (NR): Department of Zoology.
University of Melbourne (MUZD); Northern
Territory Museum, Alice Springs (NTM);
Queensland Museum (QM): South Australian
Museum (SAM): and Woestern Australian
Museum (WAM)

Measurements of specimens (to 0.1 mm)
were obtained with a pair of Helios dial
callipers. Abbreviations employed in the text
and tables are as follows: F = foot length (the
distance between the proximal end of the tar-
sus and the distal tip of the fourth ioce); HI.
— head length (lhe distance between the an-
terior extremity of the snout and the posterior
margin of the tympanic annutus) ; HW = head
width (the maximum width of the head,
usuudlly taken at the posterior extremity of the
mandibles); TL — tibia length {obtained by
placing the tibia between the callipers); 5-V
— snout to vent length (the distance hetween

= South Austialian Museum, North Terrace, Adelaide. 5. Ausl. 5000,
+ Department of Zoology, University of Melbourne, Parkville. Vie. 3052,
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the anterior tip of the snout and the anierior
margin of the cloaca).

Ratios caleulated and subjected 10 the Stu-
dent t-test were TL/S-V, HL/HW, F/S-V,
F/TL and S-V/HW. Larval stage numbery
lollow those employed by Gosner {19607.

Mating calls were recorded in the ficld using
i Uher 4000 Report portable tape recorder
and Beyer M69 dynamic microphone, al a tape
speed of 19 cm/sec. Calls were analysed by
usc of a sound specttograph (Kay Model
h061-A Sona-Graph) with the overall res-
ponse curve maintained in (he FLL-I posilion,
Three calls of each individual were analyscd
and mean values calculated. Fach call was
analysed twice; a narrow-band (45 Hz band-
pass) analysis at recording speed tn determine
duration and dominant frequency, and o wide-
biund (300 Hz bandpass) anilysis at half
ecording speed to resolve fundamental Fre-
quency.

The Cyclorana auvstralis complex

Frogs of the Cyclorana australis complex
ate relatively Targe animals; the snow to vent
length of adult males ranges from 61,4 ta #1.4
mm, and thal of females from 69.9 to 102
mm. They arc all generally robust with a hroad
and frequently hloated body and refatvely
short limbs (TL/S=V range —= 0.34-0.,46).
All members of the complex exhibit exostosis
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Fig. 1. Geographic distribution of the frogs of the
Cyclaralia australis complex. Circles —
C. qustralis; triangles = C. novachollan-
dioe. Closed symbols indicate sites of the
materinl examined, and the open circles
one of the following litcrature references:

Bratirom  (1970), Loveridge (1935),
N:oc%re) (19611, Parker (19407, Slevin
(1935%).

of the maxillary, premaxillary, nassl, fronto-
purietul and squamosal bopes, On the dorso-
lateral body surfaces there are conlinuous or
disrupted, longitudinally orientated skin folds
commencing behind the skull, and terminating
above the groin.

Nothing is known of the breeding binlogy
of the members of the complex, but they are
probably opportunistic brecders. The eggs ate
small and pigmented (ovidiameters of ovi-
ducal eggs range from 1.1 to 1.3 mm), and the
tadpole (one species) is of the hylid type with
{wo upper and three lower rows of labial teeth.
an acuminate lail tp and a median or slightly
dextral anus,

The geographic range of the complex ex-
tends from northern Western  Australia o
northern New South Wales (Fig, 1), Of what
we demonstrate to be two component species,
C. australis (sensn stricto) vecurs in northern
Western Australia, the Notthern Ternilory and
narthern Queensland (o the west of the Divid-
ing Range, C. novaehollundiae is found
throughout Queensland and extends as far
south as the northern parn of New South
Wales

Cyclorana awstralis (Gray}.
FIG, 2ZA
Alytes australis Gray (18423,
Chireleptes gustralis, Gunther (1858); Boulen-
poer (1882) (part).
Phractops australis, Yoy (1914).
Cheivoleptes nusiralis, Spencer ( 1901) (replage-
ment name for Cliralepres)
Cyelorana austratiy, Parker (1940) (purt),

Lype lopcafity: "North coast of Austrulia™. {Port
Essington, Northern Terrilory.)
Material  examined: Western  Ausiralinc—WAM,
R8732, Carlion Reach, Ord River, WAM,
R43067, Crystal Ck; WAM, RI1558-59, Drysdale
River Mission; WAM, R21233, Fossil Downs;
WAM, RI377, 43282-86, 42399-42422 Katum-
buru; WAM, R22369-.75, Kimberley Research
Stny SAM, R4769-70, R3070, Kununurri; WAM,
R1654-57, Landor Stn; WAM, R42387, RO km §
of La Gringe; WAM, R42536-40, 12381, 43478,
43491, Mitchell Platcau; WAM, R42530-35, Main
Ord River Dam Site (spillway), WAM, R42424
Mt Hait; WAM. R32099, Mt Andzrson, WAM,
R32291, M1 Barmett; NR, 1362, Mowly Down;
WAM, R13726, Oscar Ranges; NMYV, D2354-55,
Porl Georgs 1V, WAM, R32149, St Gearge Range.
WAM, RII208, RI11894, R12332, Woljulum;
WAM, R26769-70, Point Springs, Webbsr Rangs;
WAM. R32351A, Wyndham; WAM, R25093, 40
km ST of Wyndham; WAM, R20307, Yeds Cross-
mg. Northern Territory—SAM, R14352, Adzlaide
River, NMV, DI2702, Rarrow Ck, NMYV,
DR3OT7, DN3IE, DR327. QM. JI7KS. 2985, SAM,



FROGS OF THE CYCLORANA AUSTRALIS COMPLEX 95

_~/""

20mm

Fig. 2. A. Cyclorana australis from Kununurra, W.A. B. Cyclorana nevachollandiae, 15 km

N of Goondiwindi, Qld.

R8968, Darwin; SAM, R13453, Elscy; SAM,
R13450, Howard Springs; WAM, RI1935-36,
R21318, SAM, R14330-31, Katherine; SAM,
R4877, Mt Bundy Stn; SAM, R13349 A-G, Smith
Pt, Coburg Peninsula; WAM, R24007, Snake Ck;
NMV, DI12704-08, SAM, R13275 A-L, Tennant
Creek; NTM, 498, 525-26, 50 km N of Tennant
Creek. Queensland—SAM, R5010, R5070, Doom-
adgee Stn; NMV, D8437-38, SAM, R4934, Morn-
ington L

Description: The diagnostic characters of this
species are: size large, males 70.8-78.0 mm
and females 71.0-81.0 mm in snout to vent
length; S—-V/HW ratio high (mean 2.31):
head width only slightly greater than head
length (mean HL/HW ratio 0.89); TL/S-V
ratio moderate (mean 0.32); foot relatively
long (F/S-V mean 0.40).
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Development and exostosis of the super-
ficial skull bones are moderate in this species,
The dorsal limit of the squamosal is such that
there 18 a very broad gap between the squamo-
sal and the frontoparietal. On the fronto-
parietal exostosis is confined to the lateral bor-
ders of the bone. The sub-orbital portion of the
muxilla slopes steeply ta the labial margin and
is not expanded there into a lateral ridge.

Cyelorana ausiralis is usually pale olive or

erey in preservative and bears a narcow and
very sharply demarcated dark brown rostral
bar and a narrow sub-ocular bar which ter-
minates far above the labial margin. The
lateral body surfaces are commonly heavily
suffused with darker pigment. The backs of the
thighs are durker and densely varicgated with
light pigment.
Geographie variation: The presence of darker,
ivregular patches on the dorsum vares through
the range, Dorsil spots are absent from a series
of aver 100 specimens from Kununurra, Speci-
mens from Tennant Creek have hght suffusions
of pigment, and those from the north-eastern
portion of the range are heavily pigmented
with dark stippling. Immaculate and marked
specimens occur on Morninglon Island.

Variation in some of the pertinent body pro-
portions is summarized in Table 1.

Eggs: A gravid femaie from Kununurra con-
tained approximately 1000 ecggs varying from
1.1 to 1.3 mm in diameter. The epes have
black animal poles.

Larval morphology: A series ol tadpoles was
obtained at Kununurra on the Ord River by K.

MARTIN

Tmm
1adpole
Cyclorana diestralis.

Fig. 3. Tudpole and mouthpirts ol

Cole in February, 1963. The following notes
are based on four specimens from this series
at stages 36-39, All specimens are poorly pre-
served and badly distorted, so that their total
length range of 50-65 mm is only an approxi-
mation.

The spiracle is sinistral and the anus median
or very slightly displaced dextrally. The over-
all appearance (Fig. 3) is similar to that of .
ctiftripes and C. plaryeephalus (Watson & Mar-
tin 1973).

TABLE 1

Geographic varation in proporfions of Cycloruna ypecios
(Rangey are given with neanys and standard deviations e parentlieses)

Speciey wed localiny " HL/HW TL/S-V S-ViHW F/TL Fi8-V

C, anstraliv

Rununurry, W.A, 7 0.81 —0.92 (L3R — 045 2,13 — 233 091 - 100 0,38 .44
(0,86 *+ 0.04) (0.42 <= 10.03) (2.23 == 0.09) (0.97 += 0.03) (0,41 =0.02)

Smith Point, N. T, 7 (.89 .93 0.40 D45 227 2.44 092 — N9R 0.39 — 041
(0.91 == 0.01) (043 +=0,02) (2.36 = 0.06) (0,95 = 0.02) (041 = D.01)

Tennant Croek, NT. 7 ().87 — 0.94 0.40 — 046 2.25 249 0,91 — 098 0,38 — 0,42

(0,90 =*=0.02) (042£0.02) (236 = 0.08) (0,94 =0,02) (039 L 0.001)

Mitchell Platean, W.AL < 095 —0.99 144 — .50 226 — 251 088 — 1.05 038 0,42
(0.97 = 0.01) (046 £ 0.02) (2.41 == 0.12) (0.95 == 0.07) (041 == 0.01)

' novaehollandiae

Caoktown, Qld 7 (.81 0.83 039 043 1.93 2.08 0.87 — 0.96 0,36 — 0.41
(0.83 =0,02) (041 ==001) (202 =0.04) (01 20037 (0,38 2 0.01)

Culliope, Qld 3 0.52 — 088 (.39 — 0.40 2,03 — 2147 00,89 — .94 0.34 — 0.39
(0,86 4= 0.01) (0,39 + 0.01) (2.12 4= 0.01) (0,92 +=10.02) (0.36 =+ 0.01)

Cunamulla, Qld 3 0.78 — (.85 0.34 - 041 1,97 — 213 0.93 1.02 032 - 0.39
(0,82 = 0.03) (0.37 %= 0,02) (2.05 == 0.06) (0.96 = 0.03) (0.36 = 0.03)
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The mouth is sublermipal (Mg 3y with a
large horny beak and papillae around (he sides
and hack of the mowh disc. There are two
upper rows of labial tecth, the second dis-
rupted medially, and three lower labial rows
of which the first is similarly disrupted,

Masing Cali- Calls of five individvals were
recorded on 13.xii.1971, 14 km L of Daly
Walers, N.T, The frogs were calling on land
heside a small water-filled channel. Wet-hulb
air tefperature ar the calling sites was 24.1°C.
'The call is a short, well-tuned nole repeated in

long sequences. The mean call duration is 152

msec (range 122-204), The fundamental fre-

fuency 18 199 Hz (runge 183-209), but con-
tams little energy: most of the energy 15 in the

third, fourth und filth hurmonics (about 600,

00 and 1.000 Hz) which are approximately

eyuzlly emphusized,

Geagraphic Range: Cyclarana australis extends

trom 1he Kimberley Districe of northern Wes-

tern Anstralia 1o the Gulf District of Queens-
land. In the Kimberleys it is clearly widely
distribited, and in the Northern Territory it
extende us far (nland as Barrow Creek.

Ahsence in the north-western portion of the

Northern Tertstory may simply reflect inade-

(quite sampling,

Cyclorana nevachollundiae Steindachnor,

Cyelorana novaehollandine Sieindachner 118671
Phiractops nlutacens Peters (L86T Y.
Chirvoleptey ausoralis, Baoulenpger (1882) i part).
Pleactopy australis, Loveridegs (1935).
Cyclorana  anstralis. Parker  (1940)
Moore (1961}, plate 33, Fig. 2,

tvpe locality: Rockhampron, QId.

Muarerial exantined: Queensland—NMY, D13049,

SAM, K9817. R%825, Bullle Cump; MUZD, 90-

92/70, 3 km SW of Calliope: QM, 1431, Coles-

seum; OQM, 1IB062. 118066, Condamine River,

Cecil Plains; NMV. D13049, SAM, RI1523-24,

Cooklown, UM, 120685491, 8 km W of Cooktown,

SAM, RY6Y0, Edwurd River Sin; QM. F2154-85.

112%44, Eidsvold; OM, JI14383-84, Gilruth Plains,

Connamulla; MUZD, 56-58/70, 75/70. 9 & 15 km

E of Goondiwindi; QM. J5611-1Z, Mackay: SAM,

R4T43, Mupoon Missicn Sin; SAM, R9734, May

River; QM, 114159-67, Milchell R. Mission; SAM.

R 10419, Prestwood, Gilbert Rivers SAM, R3640,

Rockhampion: QM. 110482, SAM, R3686, 5t

George: OM. 12I86-89, Stannary Hills. SAM,

R1935, Stewart River; SAM. R9691, Strathgordon

A.S.; QW, 122227-29, Surat; NMV, D7542, O\,

14644, Townsville: QM, 13480, Victa, Coongoola;

IM. J18063-65, Waratah Stn, Cunnamulla.

Mescriptions Snout to vent length of malss
A1.4-81.4 mm, females 74.8-101,2 mm; head
niticeahly hroader than Tong (ML HW mean
083): S-V/HL rano Jow  (meay 2.05).

fpart);

AUSTRALIS COMPLEX 7

TL/S-V ratio rather Jow (mean 0.40); foot
short 4F/S=V mean 037 ),

Therc is exireme exostusis of the skull
hones. The squamosal in large specimens is
wsually s heavily overlain with secondary
bone thal i« is visible through the sKin, forme«
ing humps resemhbling parotosd  glands, and
extends so far superiorly that it approaches
the margins of the frontoparietals. The fronto-
pariclal is cnlirgly exostosed, but the latera)
margins are raised by bone deposition. 50 pro-
duzing i deep, median furrow. ‘T'he suborhital
portion of the muxilla projects, Forming a high
and often concave shelf.

The constricted pupil in six living specimens
from Cooktown approximated a rhemboid
shape (sce discussion)-

In pleservative, C. novacholluidiae is pale
brown or grey, and is smmaculate, lightly
marked with scattered dark brown or blagkish
markings, or else very densely pigmented with
such  markings. The suborbital murking s
broad and usually reaches the labial buse of
the maxilla. The backs of the thighs are usually
very dark leaden grey and lack lighter vemuicu-
lations.

In life the series from Cooklown were
immaculate duoll sandy yellow dorsally The
rostral stripe was dark brown, and simitlarly
colored, small disrupted patches occurred on
the inferor margin of the maxillia. The s was
palden and suffused with dark brown laterally
and inferiorly. The posterior surfaces of the
thighs were leaden grey, whilst the ventral sur-
face of the body wall was a dull pearl bearing
faint grey vermiculations on the throat,
Geographiv variation: Thare is considerable
variation in skull structure and coloration of
the darsum of this species. Comparison of
small samples of extreme variants led us to
contlude mitially thar Iwo species were (n-
volved. Examination of larger scries, however,
has reveuled the occurrence of forms of intes-
mediute appeardnce, The variation may e
summarized as fullows, All specimens feam
central and southern Queensland have high
skulls with 4 gently sloping maxilla and a
densely pigmented dorsum. There is siriking

wvariation in individuals {rom northern Queegns-

land, Some are densely ptgmented whilst others
are immaculate, The skull of the immaculate
individuals is either similar to that of the pig-
mented frogs, or is spatulate and distinetly
dattened. Unfortunately we have been unable
to devise a means of objectively estimaling
skull depth with any degree of accuracy We
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hold the opinmion that the high and the apatu-
late torms of the skull represent different evo-
lutionary trends of development,

Whereas Lhe extremes are clearly dillerent,
assessment of the significance of the ohserved
varialion . complivated by the exwstence in
northern Quecnsland of a number of inter-
mediale forms that cannnt he referred to either
form. In addition there are animals in which
the terminal portion of the skull 15 more elon-
gated. This variant occurs only on the Cape

York Penimsula and at localities at the base of

the Gulf of Carpentaria. Morghometric data of
1wo small series are summarized in Table 1.
Eogs: Oviducal eggs of three gravid femaley
ranged from 11 to 1.3 mm in diameter. An
edimate of the number in one Individual
exceeded 1000, The eggs have black animal
poles.

Muting Call; The maling calls of two indi-
viduals recorded 5 km SW oof Calliope. Queens-
land. on 1811970, arc very similar to those
of C. auxiralis. The frows were calling on Tand
keside a rain-filled roadside ditch, with a wet-
butb air temperature of 24.6°C. The spectral
steoctore of the calls of the two species is
essenbially wdentical, with €. rovaehollandiae
also having emphosized harmonic bands at
shout 600, BOO, and 1.000 Hz. However, its
call duration is considerably longer (mean 249
meee: range 235262 meec). Judged on the
hasis of the levels of difference in mating call
structure of sympalric anuran spetiey, Lhis
difference in duration dogs not represent diver-
gence of suflicient magnitude to achieve repro
ductive isolation, Hence if €. ausrralis and
. nevaehollandiae oceur in sympalry (as they
may in the Gull District) we would expect
them to  hybridize. A similar  pattern ol
mirked morphological differentiation, accom-
panicd by very little mating call divergence.
characterizes the Western Ausirajinn finmmodv-
wastes dorsalis and the castern L. duwmerifi
{ Martin 1972},

Geagraphie Range: Cyclorana nevachollundiae
ranges from the Cupe York Peninsula of
northern ‘Quecenstand to the New South Wales
burder,

KEY TO ADULIS

Buck of thighs variegated, suborbilal har narrow
and not teaching hasz of maxilla; maxilla gently
soping and not expanded Iaterally C.australis
Back of thighs not variegated; suborbital har (1f
present)  uwsually browd  and reaching  base of
makilla: muxilla expantded 10 {orm lateral shelf

O nesavhollisndioe

Discussion

The morphological complexity of €. agvas-
heilandive  as  defined here is  unparalleled
amongst Australian anurans, We believe that
a study of species isolating mechanisms, such
as male mating call, in north-casterit Australic
could reveal the existence of two or possioly
even three species, Our action of resurresting
C. nevachollundive from the synonymy of C.
australis is therefore only the ficst slep towarnds
an underetanding of the €. awstraliy comples,
The hiological data, e.g. mating call structure,
that are mecessary for final resolution of the
prohlem may be extremely difficult to obtain,
The northern Queensland  populptions  pre
apparently opportunistic breeders which may
call at a locality on only one of two mights
euach year (C, Tanner, pers, comm.). It seems
justifiable, thercfore. to treat the complex al
this preliminary level,

In terms of skull struclure, C, australis 18
clearly the most siaplified and primitive mem
her of the complex, exhibiting limited develop-
ment of skull bones and the least extehgive
exostosis, All the variations in the form of the
skull and exostosis of the cranial hones such
us the maxillary and squamosal 1n €. movar-
hollundtae can reasonably be derived from .
australis.

The concept of C. australiy being the primi-
tive member may be acceptithle mormbologi-
cally, but it is more difficult 1o copceive zoogea-
graphically in view of the absence of amy mem-
ber of the genus Cyelorana in New Guines,
The geosraphic area ocenupied by the members
of the C. australis complex includes both high
ramfull and relatively arid arcas; ie it does
not appear to be limited elitnatically. Thus if
the complex orginated in novthern or north-
western Australia it is surprising that it should
be ubsent from New Guinea, Jennmgs (1472
estimates that the most recent land communi-
catinn with New Guinea at “'orres Strain 12—
minited only 6,500-8,000 years ago: thus it
is pogsible that colonization of nertheeastern
Australie by the complex ocgurred subse-
quently.

Fhe gross differences in morphology charac-
terizing the members of the C. wistraliy com-
plex represenls i siluation unigue among Aus-
tralian  anurans.  Differentistive in other
species complexes, even those with extensive
disjunctions of rabpe (&.g. south-easlern and
south-western  Awstraliz) 15 accompanied by
only slight murphological divergence. 1L seems
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praobable, (herefore, that the complex is of
consderable antiquity, Two further circum-
stances lend support to this suggestion, One is
the affinity of Cyclorana with the Hylidae
demonstrated by Tyler (1572) and Watson
& Martin (1973). The other stems from our
observations on the pupil shape of C. novae-
hollendiae. As stated above, the constricted
pupil of C. navgehollandiae is almost rhom-
baid. In fact, the ventral margin 18 an obtusc
angle and the upper a broad curve. This
curvature is difficult 1o detect during extreme
constriction, Lynch (1971) considers the ver-
tically orientated pupil to be the primitive gnd
the herizontal pupil the derived state. How-
eves, from the fact that Nyerlmysres (a0 genus
that can only be denved rom Litoria, a hori-
zontallg-pupilled stock) has a vertical pupil, it
is clear thal vertcal orientation can be a
derived state. The trend te one or other orign-
lation of pupil shape could be accomplished

most readily from a rhomboid. That such @
structure occeurs i living Cycloranag s con-
sistent with our hypothesis of its antiquity,
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